Autoradiography has been used in the past to locate presumptive receptor systems for a number of steroids. It has provided information in rather complex tissues that could not have been obtained by biochemical procedures. In these studies we made use of autoradiography to redirect our biochemical efforts to study androgen receptors in the primate heart. Castrated-adrenalectomized female rhesus monkeys and baboons were injected with 1 teg of 5 adihydro-[1,2,4,5,6,7 3H1-testosterone per kilogram of body weight. The animals were killed 1 hour later and the hearts were removed and processed for autoradiography.
Introduction
Autoradiography has frequently been used in the past to locate the sites of nuclear uptake and retention of steroid hormones (Stumpf and Sar, 1976; Sheridan, 1979) . It has been presumed that the nuclear uptake and retention of a steroid is indicative of the presence of a receptor system for this hormone. Thus, autoradiography has been able to provide information about receptor systems in complex tissues such as the brain and pituitary gland that could not have been obtained using biochemical procedures. For example, autoradiography has been used to determine the precise location of the few cells in the brain that concentrate the gonadal steroids (Stumpf and Sar, 1976; Sheridan, 1979) and when used in conjunction with immunocytochemistry, it has been used to identify the cell types that concentrate the gonadal steroids in the pituitary gland (Keefer et al., 1976; Sar and Stumpf, 1979; Sheridan and Herbert, 1979) . In the studies to follow, we have made use of autoradiography to redirect our 'Presented in part at the AUTORADIOGRAPHY WORKSHOP on April 11, 1980 , as part of the program at the annual meeting of the Histochemical Society, held in New Orleans, Louisiana, April 11-15, 1980. 'This research was supported in part by U.S. Public Health Service Research Career Development Award 1 K04 NS 000164 (to P.J.S.) and U.S. Public Health Service Grant 1 R01 NS 12933. biochemical efforts to quantify and partially characterize the androgen receptor in the baboon heart.
The measurement of bound nuclear receptors has for the most part been based on the exchange assay for estrogen in the rat uterus (Clark et al., 1973) . Recently an assay for nuclear androgen receptors in the rat ventral prostate gland has been reported based on this procedure (Davies et al., 1977; Shain et al., 1978) . We have tried to use this assay in the measurement of bound cytoplasmic and bound nuclear androgen receptor of the baboon and rat heart, but have not been successful even though we can readily measure the free cytoplasmic receptor (McGill et al., 1980) . We felt that the critical factor involved in our inability to measure the bound nuclear receptor was the elevated temperatures. The androgen receptor is heat labile and subject to degradation (Blondeau et al., 1975; Bruchovsky et al., 1975; Mainwaring and Jones, 1975; Davies et al., 1977; Tymoczku et al., 1978; Bradlow and Gasparini, 1979) .
In a recent article Mueller and Kim (1978) have reported the displacement of estrogen from its receptor with simple alkyl phenols, the most effective of which was p-secamylphenol. Since the A ring is also thought to play an important role in the binding of androgen to its receptor (Liao et al., 1972; Mainwaring, 1975) and since estrogen has been shown to bind to the androgen receptors with an approximate affinity of K0 = 2 X 10-8 M (Attardi and Ohno, 1976; Jung-Testas et al., 1976; Chamness et al., 1979) , we initiated a series of experiments to determine the effects ofp-sec-amylphenol on bound cytoplasmic and bound nuclear androgen receptor.
Materials and Methods

Biochemical Studies
Chemicals. 5a-dihydro [1,2,4,5,6,7(n) Animals and tissues. Hearts from intact male and female baboons were generously provided by a Specialized Center for Research in Atherosclerosis (supported by HL-19362, National Heart, Lung and Blood Institute) . Rats were Sprague-Dawley females, 21 to 25 days old, obtained from Simonsen, CA. The rats were castrated or castrated and adrenalectomized 24 hr prior to the experiment. The rats were then injected with between I and 100 ng/100 grams body weight of unlabeled DHT.
Preparation of cytosol and nuclear extract. Frozen hearts (baboon) or fresh hearts (rat) were homogenized in phosphate buffer (75 mM PO4, 0.01% monothioglycerol and 10% glycerol, pH 7.4, at 4°C) with a Brinkman polytron. The homogenate was then centrifuged at 800 X g in a clinical centrifuge (Sorval). The resultant supernatant was then decanted and centrifuged at 40,000 rpm in a Beckman fixed angle 40 rotor (105,000 X g) at 4°C. The resultant supernatant was defined as cytosol. The protein concentration was roughly adjusted to between 5 and 8 mg/ml by measurement of the absorbance at 260 and 280 (Layne, 1957) . Later the protein concentration was determined more accurately by the method of Lowry et al. (1951) . The pellet from the 800 x g centrifugation was extracted with 0.6 M KCI for 1 hr. The resultant nuclear extract was used for the assays.
Measurement of free and bound cytosolic receptor. Two hundred microliters of cytosol prepared from baboon hearts were incubated for 3 hr at 4°C with 50 µl of 3H-DHT or 50.tl of 3H-R1881 such that the final concentration ranged from I X 10-8 M to 2 X 10-1°M (McGill et al., 1980) . Competing steroids, when used, were present at 100 x the concentration of 3H-steroid. After incubation the separation of steroid-receptor complexes from free steroid was accomplished with either a sucrose gradient (see below) or hydroxylapatite (HAP) (see below) or pSAP was added (a final concentration of 10 -2 -10-4 M) to tubes and incubated for 1-24 hr at 4°C. After incubation the separation of bound steroid and pSAP from free steroid and pSAP was accomplished with HAP. Finally, some of the tubes with HAP were reincubated with 3 H-steroid or with 3 Hsteroid + unlabeled steroid for 3 hr (see Scheme I).
Improved method for measurement of total cytosol receptor. The tissue was homogenized in a second phosphate buffer (10 mM PO4 , 0.01% monothioglycerol and 10% glycerol, pH 7.4, at 4°C). Immediately after homogenization, 10 -8 M unlabeled DHT was added and then the homogenate was centrifuged at 40,000 rpm in a Beckman fixed angle 40 rotor for 30 min. The resultant supernatant was defined as cytosol. Two-hundred microliter aliquots of cytosol were layered on 5-30% sucrose gradients containing 10 -8 M unlabeled DHT for fractionating the proteins. The gradients were centrifuged for 16 hr in a Beckman SW 60 at 54,000 rpm. After collection, each fraction was incubated with 1 mM pSAP for 1 hr. Each fraction was then mixed with HAP, incubated for 30 min, and washed. Then each fraction was incubated with 3 H-DHT or 3 H-DHT + unlabeled DHT for 3 hr at 4°C. After incubation each fraction was washed, extracted and counted.
Measurement of bound nuclear receptor. Nuclear extracts were incubated with pSAP (mM) for 1 hr and then the separation of bound from free steroid and pSAP was accomplished with HAP. The tubes were then incubated for 3 hr at 4°C with 'H-steroid, with or without 100 x unlabeled steroid, washed and counted in ACS.
For the hydroxylapatite assay (Williams and Gorski, 1974) , 250 µl of cytosol were mixed with 250 .d of hydroxylapatite suspension (2.5 grams of powdered DNA-grade hydroxylapatite (Bio-Rad) in 20 ml of buffer). Tubes were mixed frequently for 30 min and then centrifuged for 2 min at 800 X g. The supernatant was discarded and the hydroxylapatite was washed three times with 2 ml of buffer with the Incubated Cytosol with same centrifugation each time. Then 1 ml of 100% ethanol was added to the hydroxylapatite and the mixture was incubated at room temperature 1 hr with frequent remixing to extract 3H-steroid. Tubes were then centrifuged 2 min at 200 X g and the supernatant was counted with 5 ml ACS scintillation fluid.
Autoradiography
Normally cycling female rhesus monkeys (Macaca mulata, n = 3) and baboons (Papeo Crynocephalus, n = 3) were used in these experiments. On day 1 of the experiment we removed both ovaries and the right adrenal gland from each animal. On day 3 we removed the left adrenal gland. At this second operation, the animals received 100 mg of hydrocortisone. On day 4, we injected intravenously into the test animals 1 µg of 5a-dihydro [1,2,4,5,6,7 -3H] testosterone ([ 3 H]DHT) (101 Ci/mmol) per kilogram of body weight. We injected the two control animals with the labeled material together with 100 µg of unlabeled hormone per kilogram of body weight. One hour later, we exsanguinated each animal rapidly and perfused the vascular system with chilled Ringer's solution. Tissue samples were mounted on tissue holders, frozen in liquefied propane, and stored in liquid nitrogen.
The autoradiographic procedure is described in detail elsewhere (Stumpf, 1971) . Briefly, 4 .em thick sections were cut at a -35°C knife temperature in a Wide-Range Cryostat (Harris Manufacturing Co., Cambridge, MA). The frozen sections were then mounted (in a darkroom) directly on emulsion (Kodak NTB2)-coated slides by bringing the slides into brief contact with the upper surface of the knife so that the sections adhered to the emulsion by melting from the heat of the slides. The slides were exposed at -15°C between 3 and 13 months, then developed for 45 sec at 18°C in Kodak D19 developer, rinsed, and fixed for 5 min in Kodak fixer, rinsed and stained with methyl green-pyronine or hematoxylin and eosin. Figure 1 shows the results of three saturation experiments with 3H-DHT (unbound receptor) plotted according to the method of Scatchard (1949) . After the data were normalized to Bmax, a linear regression analysis of the three individual Scatchard analyses was completed. The Kd for 3H-DHT was 2.62 X 10 -9 M with a correlation coefficient of 0.93. A similar analysis (not shown) with 3H-R1881 yielded a K d = 1.56 X 10-9 M with a correlation coefficient of 0.94. With the initial assay system, Bmax was estimated to be 5.29 ± 1.65 fm/mg cytosol protein. In contrast to the apparent small quantity of receptors found using this initial system, the results of the autoradiographic studies indicated the presence of large amounts of receptor. The nuclear uptake and retention of 3H-DHT or its metabolites was greater in the heart (Figure 2 ) than that seen in the pituitary gland (not shown). The autoradiographic data suggested that we were not measuring the total amount of receptor. We then modified the buffer system (reduced the phosphate concentration) and began the studies with pSAP. With the new buffer system, the quantity of receptor in different parts of the heart ranged from 50-100 fm/mg cytosol protein.
Results
We found that in order to dissociate the steroid from the receptor a concentration of 10-3 M pSAP was necessary ( Table 1) for 1 hr. Increasing the length of incubation up to 5 hr with the pSAP did not increase the amount dissociated. The Kd for the receptor was unchanged after the pSAP (Figure 3) , the steroid specificity also was unchanged ( Table 2 ). The quantity of receptor recovered after dissociation with pSAP was 100% or slightly greater (Table 3) . With the use of the unlabeled DHT to protect the receptor during the long centrifugation and with the use of pSAP to dissociate the steroid from the receptor after centrifugation, we were able to demonstrate for the first time 7-8S binding for androgen in the baboon heart ( Figure 2) . In rats injected with DHT, we were only able to deplete between 30-70% of the cytoplasmic receptor even with the 100 p.g injection (Table 4 ). In addition, we found between 7-10 times more bound nuclear receptor than free cytoplasmic receptor in the rat heart. This was found to be true even in the castrated-adrenalectomized rat (Table 4 ). We also examined the quantity of bound nuclear receptor in the baboon heart. There we found approximately equal amounts of bound nuclear receptor and free cytoplasmic receptor (Table 5 ). 
Discussion
The results of the autoradiographic experiments presented here provided the stimulus for the additional work on the quantification of the receptor for androgen in the heart and the characterization by sucrose density gradient centrifugation. Nuclear uptake and retention was found in over 75% of the cells and it appeared to be more intense than that found in the pituitary gland. Yet, the earlier biochemical studies Fraction -(0.2 mg) Note the lack of an 8S peak in the cytosol prepared the normal way.
( McGill et al., 1980) estimated the quantity of receptors to be only about 5 fm/mg cytosol protein. Reducing the phosphate concentration from 75 mM to 10 mM greatly increased the apparent amount of receptor. There is still some variability in the total amount of receptor found but we feel that this variability is primarily due to losses associated with the initial homogenization.
The results of these experiments demonstrate that pSAP is effective in stripping androgen from its receptor at 0-4°C and can be used to measure bound cytoplasmic and nuclear receptors. We made use of this property to stabilize the androgen receptor by adding 10 -e M unlabeled DHT just ncubation was carried out 3 hr at 4°C with 5 X 10 -9 M 3 H-DHT + 100 x competing steroid. after homogenization to the gradient. Before making use of the ability of ligand to stabilize the receptor, we literally tried at least 20 times to get an 8S peak in a gradient (vertical rotor, postlabeling the gradient, different protease inhibitors), and in fact, most times were unable to even demonstrate 4S binding (see Figure 3 ). The stabilization of the receptor achieved by adding the ligand immediately after homogenization has also been reported in human benign prostatic hypertrophy (Krieg et al., 1977) and in the rat uterus (Katzenellenbogen et al., 1978) . The addition of the ligand to the gradient itself was modeled from the assay for androgen-binding on polyacrylamide gels protein (Ritzen et al., 1974) and the uterus (Katzenellenbogen et al., 1978) . Finally, the pSAP stripping and relabeling has the advantage of the postlabeling technique (Clark et al., 1978) and is done at 4°C. In many gradients using the new technique we see both 8S and 4S peaks. At the moment we do not know whether we are dealing with one protein that is dissociating into subunits or whether we are dealing with an 8S receptor and a 4S protein such as sex hormone binding globulin.
In rats, we find what appears to be more receptor bound in the nucleus after injection than is found free in the cytoplasm of control animals. In the baboon we find equal amounts bound in the nucleus and free in the cytosol. This has been a common finding in human prostate tissue (Rosen et al., 1975; Shain et al., 1978) ; in fact, these authors report 10 times more receptor bound in the nucleus than is free in the cytosol. Also, more bound nuclear receptor was found in the rat prostate than can be accounted for by a loss in free cytoplasmic receptor (Bruchovsky et al., 1975) . Surprisingly, the bound nuclear receptor is present even in the castrateadrenalectomized rat. Thus the source of the ligand is unknown. If the ligand is not due to adrenal rest tissue, one intriguing possibility is that the ligand is a peptide, giving a situation reminiscent of the binding of opiates and the enkephalins to the same receptor (Snyder and Simantov, 1977) . Recently, inhibition of testosterone binding to androgen binding protein by macromolecules has been reported (Rom- ercentages based on ratio of each value of the amount found in the nucleus after pSAP in the injected animals.
'All animals in this experiment were castrated and adrenalectomized. Mean ± SD (n = 3). ercentages are based on total receptor (i.e., cytosol + nuclear extract after pSAP).
'Mean ± SD (n = 4).
merts et al., 1979) . Whatever the ligand, pSAP effectively strips the receptor. In summary, the results reported here reinforce the notion that autoradiography can be a valuable tool in the study of steroid receptor systems. Much more information is gained using both biochemical techniques and autoradiography than using either of the two alone.
